The impact of strong wind and rain loads will adversely affect the reliability of the overhead lines, it's necessary to study changes in risk of transmission system and establish the reliability model of overhead lines through the strong wind and rain loads. In this article, the stochastic properties of overhead lines' strength and loads were used, according to principles of structural reliability, time-dependent failure probability model of overhead lines was established under the impact of strong wind and rain loads. Simulation of the IEEE-79 system demonstrates that failure probability model is effective. This simulation result also shows that the impact of strong wind and rain loads will seriously affect reliability indices of system loads, rain loads cannot be ignored under strong wind and rain loads.
Introduction
The overhead line is susceptible to strong winds, heavy rain affected [1] - [3] , for example, the violent typhoon bring on numerous damages in the electrical equipment of coastal areas, the impact of strong wind and rain loads will cause the accident of overhead lines and tower fracture [4] [5] . However, current reliability research of overhead lines rarely consider the impact of strong wind and rain loads, the current design criteria of overhead lines focuses on wind and ice loads [6] - [9] and ignores the impact of the rain loads, the impact of strong wind and rain loads will cause huge damage to tall building, especially overhead lines, those accidents [10] attract experts' attention of electricity and engineering widespread. References [11] - [14] study the effect of different rainfall intensity on the vertical drag coefficient of overhead lines in wind tunnel experiment, but they don't do the analysis of the mechanism. Reference [12] established a precise finite element model of overhead lines and studied rain-wind-induced dynamic response of transmission tower, but they didn't study the effect of wind and rain loads' impact to reliability of the overhead lines.
In this article, the stochastic properties of overhead lines' strength and loads were used, according to principles of structural reliability, time-dependent failure probability model of transmission line was established under the impact of strong wind and rain loads, the effect of rain loads to failure probability of overhead lines is established. In simulation of the IEEE-79 system, the reliability indices of system loads are calculated considering no environmental loads, only wind loads, wind and rain loads.
Strong Wind and Rain Loads of Overhead Lines

Wind Loads
According to theGB50545-2010 of code for design of 110 kV -750 kV overhead transmission line [9] , the wind loads of overhead lines:
sin 1600
where α is coefficient of uneven wind pressure and is related to the wind speed; V(t) is standard wind speed; μ Z is coefficient of wind pressure changes with altitude and is related to the surface roughness and altitude of overhead lines; μ sc is shape coefficient of overhead lines, it is equal to 1.2 if the line diameter is less than 17 mm or ice depositson lines, it is equal to 1.1 if the line diameter is greater than or equal to 17 mm; β c is wind vibration coefficient, only the overhead lines of 500 kV and 750 kV are equal to 1.25, the others are equal to 1; d is the diameter of the line; L v is Horizontal Span; B is the intensification coefficient of wind loads when ice depositson lines, it is equal to 1.1, 1.2, 1 if the ice thickness is 5 mm, 10 mm, 0 mm; θ is the angle between the wind direction and the line.
Rain Loads
The rainfall patterns are divided into seven levels according to intensity of rainfall as shown in 
where d is raindrop diameter, n is the number of raindrops per unit volume, b is the area of scoured by rain, V s is the final velocity of raindrops. Observational data suggest that d is usually as follows:
where n 0 = 8 × 10 3 (1/m 3 ·mm); Λ is slope factor, 0.21
is intensity of rainfall (mm/h).
Combinations of Loads
Loads are divided into three parts: wind loads F W (t), rain loads F r (t) and fixed loads G. Fixed load, also known as permanent loads, is a Gaussian distribution, mainly components weight; wind and rain loads are variable load and they are the function of time-dependent. Due to the feature of probability distribution function, if the random variable x is a Gaussian distribution and mean value of x and standard deviation are μ and δ, then random variable (x + a) is also Gaussian distribution and mean value and standard deviation are μ + a and δ, where a is a constant.
Consider the most serious cases, namely the wind and rain loads and the permanent loads are in the same direction: 
where S(t) is the total loads of overhead lines, G is permanent loads, Q(t) is environmental loads, it is the sum of wind loads F w (t) and rain loads F r (t), due to the IEC60826, the permanent loads is gaussian distribution, its mean value and standard deviation are μ G and δ G , so the total loads is also Gaussian at time t, the mean value And standard deviation are μ G + F w (t) + F r (t) and δ G .
Reliability Modeling
According to the structure reliability theory, an overhead lines' analytical model of reliability analysis is established under the impact of strong wind and rain loads. The structure state function of the transmission line is expressed as a random process:
where R is the design strength of the overhead lines, according to the IEC, R is a Gaussian random variable; S(t) is the total loads of overhead lines. When the loads of overhead lines are less than the design strength, the lines running normally; conversely, the line will fail.
Failure Probability of Overhead Lines under the Impact of the Strong Wind and Rain Loads
The relationship between the strength probability density distribution and permanent loads probability density distribution is as shown in Figure 1 . It is the relationship between the strength probability density distribution and permanent loads probability density distribution taking no account of the environmental loads as shown in Figure 1(a) , the line is reliable because of the design strength of the line is greater than the permanent load; the relationship between the strength probability density distribution and permanent loads probability density distribution considering the environmental loads is shown in Figure 1(b) , there are overlap which is called as interference region between the curve, the interference region have to emerge due to the increase of environmental loads which is result in increase of loads of lines, it has potential possibility of lines fault because of this interference region.
The probability of failure of overhead lines is equal to the probability which the strength is less than the loads of lines: where P(f) is probability of failure of overhead lines, ( )
Strength R and loads S is independent, the joint probability density function is ( ) ( ) Figure 1 . The interferogram of strength and loads probability density curve.
where f R (r) and f S (s) are the probability density function of strength and loads, f z is the joint probability density function, the Equation (6) can be represented by the Equation (8):
P t P R S t P r s f r f s dr f r F r dr
According to the IEC 60826, the strength of lines is gaussian distribution, then f z can be represented by the following equation:
where μ Z = μ R −μ S , σ Z = σ R − σ S , μ R , μ S are probability density function mean value of strength and loads, σ R , σ S are the probability density function standard deviation of strength and loads, μ Z , σ Z are the mean value and standard deviation of joint probability density function Equation (8) can be expressed as: (10) can be expressed as Standard normal distribution:
the probability of failure of overhead lines is
For an entire overhead line, it can be divided into n lines as shown in Figure 2 , so its probability of failure is equal to series probability of failure of n lines.
In Figure 2 , where p f(i) is the probability of failure of the i-th line, p f(n) is the probability of failure of the n-th line, P f(n) is equivalent probability of failure of n series lines, according to the characteristic of series network, the probability of failure of n series lines is ( ) (
where P f(n-1) (t) is equivalent probability of failure of n − 1 series lines at time t, p f(n) (t) is the probability of failure of the n-th line at time t.
Short-Term Reliability Assessment of System under the Impact of Strong Wind and Rain
Short-term system reliability assessment process of generation and transmission System under the impact of strong wind and rain loads is shown in the follow: 1) Getting short-term load forecasting data and generator combinations; 2) Getting weather forecast information from weather bureau, it includes wind speed, intensity of rainfall and regions;
3) Using time-dependent failure probability model of overhead lines to solve the time-dependent failure probability of lines in the region of strong wind and rain; Figure 2 . Series equivalence failure probability of Overhead lines. 4) Using state sampling approach to simulate; 5) Analyzing the state of system, using the optimal cutting load model to calculate removal of the load; 6) Calculating reliability indices of system loads. In this paper, using loss of load probability (LOLP), expected demand not supplied (EDNS) and expected energy not supplied (EENS) to express reliability indices.
LOLP: The probability of the system can't satisfy the load demand within a certain period of time:
where M is the total number of system status, m(s) is the number of system state s in the sampling. EDNS: System expected demand not supplied due to insufficient generation capacity or grid constraints within a certain period of time:
where C(s) is removal of load at system state s. EENS: System expected energy not supplied due to insufficient generation capacity or grid constraints within a certain period of time:
where t is a certain period of time.
Example
Example Introduction
In this paper, we use Simulation of the IEEE-79 system as example. This system contains two voltage levels: 230 kV and 138 kV, it is divided into two regions: region 1 and region 2 as shown in 
Failure Probability of Overhead Lines under the Impact of the Strong Wind and Rain Loads
Setting a standard structure model of "three towers two cross", the two spans are l 1 = 400 m and l 2 = 600 m, then the horizontal span and vertical span are Using Equation (12) to calculate the failure probability of lines under strong wind and rain in one span, the failure probability of lines for different levels wind speed and rain is shown in Figure 4 . We can get the following conclusions from the above Figure 4 : 1) the failure probability of lines will increase with wind loads increase; 2) Rain loads have influence upon the failure probability of lines, and heavy rainfall have greater influence on the failure probability of lines when the wind speed is high.
Failure probability of overhead lines under different levels of rainfall is shown in Table 2 (the wind speed is design speed). As can be seen from the table, the failure probability of overhead lines increases by 30.03% when consider the influence of strong rainfall. So the influence of strong rainfall can't be ignored when calculating the failure probability of overhead lines in engineering applications.
Short-Term Reliability Assessment of System under the Impact of Strong Wind and Rain
In order to analyze how the impact of strong wind and rain loads influence the short-term reliability indices of system, we do not consider the changes of and generator combinations. In simulation of the IEEE-79 system, the reliability indices of system loads are calculated considering No environmental loads, only wind loads, wind and rain loads. The wind speed and intensity of rainfall cure of somewhere during 10 hours are shown in Figure 5 . The cure of system EENS in the above three cases is shown in the Figure 6 . A significant reduction can be seen from Figure 6 when considering the environmental loads; the system EENS considering wind and rain loads is 31.72% higher than the EENS without considering rain loads. 
Conclusions
In this paper, analyzing the influence which impact of strong wind and rain loads produced to the reliability of the overhead lines, establishing the failure probability wind and rain loads, the conclusions are shown as follow:
1) The failure probability model of overhead lines under the strong wind and rain loads are different from the normal state;
2) The rain loads can't be ignored when calculating the failure probability of overhead lines under the strong wind and rain loads;
3) Using the weather forecast to assess system reliability, it is contributed to prepare for proper risk control measures and improve the ability of withstanding severe weather for power system.
